Background-The mechanism of ulceration in Crohn's disease remains unknown. Aims-To clarify the role of the follicle associated epithelium (FAE) of colonic lymphoid nodules in the formation of ulcers in Crohn's disease. Methods-After identification of colonic lymphoid nodules and aphthoid lesions by magnifying colonoscopy, 76 biopsy specimens were obtained from 10
Crohn's disease is a chronic inflammatory disease with a pathogenesis that is still unknown, although granuloma formation and predilection for the terminal ileum, similar to intestinal tuberculosis, has suggested a mycobacterial origin. Colonic lymphoid hyperplasia, which is occasionally recognised in patients with inflammatory bowel disease,' is also found in sarcoidosis,2 lower gastrointestinal bleeding,3 dysgammaglobulinaemia and hypogammaglobulinaemia, 4 and has also been considered to be a normal variant, when not associated with other histological abnormalities.5 Crohn's disease has inevitably been present for a considerable period of time before the development of symptoms that bring patients to the attention of physicians. As Crohn's disease is a systemic condition, it may be erroneous to conclude that the sequence of development of lesions in areas of intestine without prior macroscopic involvement reflects disease pathogenesis.
Although Lockhart-Mummery and Morson6 7 reported that an early microscopic change in Crohn's disease was ulceration of lymphoid follicles and Peyer's patches in the terminal ileum, subsequent studies have concluded that the earliest pathological lesion of Crohn's disease is the granuloma, which can be found within the mucosa despite entirely normal overlying epithelium.89 Aphthoid ulcers in the small and large intestines are endoscopically identified in areas without other macroscopic lesions in Crohn's disease. They are not specific as they also occur in various types of infectious enterocolitisI'-14 and in intestinal Behcet's disease,15 yet in longterm follow up studies of aphthoid ulcers in Crohn's disease, there have been reports of the advance of these ulcers into longitudinal ulcers representing typical lesions of Crohn's disease. 16 Makiyama et al 8 reported that examination using a magnifying colonoscope after the application of 0.2% methylene blue showed a characteristic 'worm-eaten' appearance of the rectum in Crohn's disease patients regardless of the activity of the disease. There has, however, been no correlation of findings of these minute lesions by magnifying colonoscopy with light microscopy, electron microscopy, and immunohistochemistry. In this paper, we compared lesions seen by magnifying colonoscopy of lymphoid follicles in patients with Crohn's disease or with lymphoid hyperplasia using these three morphological approaches. (+)  2  2  0  0  2  3  9  2  60  M  CD (ileitis)  Remission LH  2  4  0  0  0  2  8  3  23  F  CD (ileitis)  Remission LH  2  0  0  0  0  2  4  4  23  F  CD (colitis)  Active  AU, RH(+)  0  0  4  0  3  0  7  5  14  M  CD (ileitis)  Active  AU, RH(+)  1  1  1  1  0  3  7  6  12  M  CD (ileocolitis)  Active  AU  1  2  0  0  2  3  8  7  26  M  CD (ileocolitis)  Active  AU, RH(+)  0  0  0  0  2  2  4  8  25  M  CD (colitis)  Remission AU, RH(+)  0  0  0  1  3  1  5  9  18  F  CD (colitis)  Remission LH  0  0  0  0  2  1  3  10  25  M  CD (ileitis)  Active  LH  0  0  0  0  1  3  4  11  57  F  Lower GI bleeding NA  LH  1  1  0  0  2  2  6  12  76  M  Lower GI bleeding NA  LH  0  3  0  0  0  2  5  13  42  F  Radiation proctitis  NA  LH  1  2  3  0  0  0  6  Total  10  15  8  2  17 24 Group I; round enlarged modules with a central depression from which mucosal pattems had disappeared but on the surface of which fine grooves were visible. The surface of these nodules was not associated with erosions under manifying colonoscopy (Fig la) . SEM of such lesions showed the surface of the apex in the lesion to have multiple grooves, to be slightly depressed, and to be covered by follicle associated epithelium including M cells (Fig lb) . Group II; minute lesions associated with a small central depression and a red halo appearance by magnifying colonoscopy (Fig ic) . SEM and light microscopy of these lesions showed that the minute lesions associated with a red halo appearance and without visible erosion endoscopically included lesions associated with erosions detected by light microscopy or electron microscopy in 18 of 21 specimens (86%) (Fig Id) . In areas of red halo appearance, congested and dilated capillaries in lamina propria surrounding lymphoid nodules were recognised histologically. Group HI; small ulcers or erosions associated with round or irregular shaped white coat with visible dilated capillaries in the surrounding mucosa (Fig le) . SEM of these lesions showed an irregular shaped erosion (Fig lf) .
Correlativefindings between SEM and transmission electron microscopy (TEM) of lesions with a red halo appearance in Crohn's disease Careful observation of the minute lesions associated with the appearance of red halos (group II, Table II ) by SEM showed follicle associated epithelium (FAE) in a part of the mucosa surrounding the minute erosions (Fig  2a, b) . With observation of this part at higher magnifications, we noted M cells with irregular and microridge-like microvilli on the surface (Fig 2c) . Then, in light microscopic observation of the same sample (Fig 2a, b , c) that we had observed by SEM, we recognised that the erosion was located on the lymphoid follicle and FAE residues (Fig 2d) . Under TEM ofthe same light microscopy sample, M cells were seen in the FAE (Fig 2e) .
Immunohistochemical studies ofFAE in lymphoid hyperplasia of non-inflammatory bowel disease and of Crohn's disease In the enlarged lymphoid nodules of the sigmoid colon with non-inflammatory bowel disease, magnifying colonoscopy showed white, round lymphoid nodules without red halo appearance (Fig 3a, b) . Light microscopy of immunoperoxidase labelling of HLA-DR showed that the HLA-DR antigen was not expressed on normal mucosa surrounding lymphoid follicles (Fig 3c) . However, parts of the FAE in the lymphoid follicles showed positive expression of HLA-DR (Fig 3c) . Enlargement of the FAE showed expression of HLA-DR antigen by individual epithelial cells (Fig 3d) . Immunoelectron microscopy of the section disclosed expression of HLA-DR antigen on the apical and basolateral plasma membranes and on the vacuole membrane in the cytoplasm of M cells associated with lymphoid cells (Fig  3e) and 'microfold'-like microvilli on the surface of M cells (Fig 3f) . Adjacent absorptive cells showed only faint HLA-DR expression on the apical membrane (Fig 3e) .
In the colonic lymphoid nodules with a red halo appearance seen endoscopically in the remission stage of Crohn's disease (Fig 4a, b) , HLA-DR antigen was more strongly expressed over the entire FAE than in surrounding epithelium where reaction was weak and irregular (Fig 4c, d, e) . In the active stage of Crohn's disease, HLA-DR antigen was expressed strongly not only over the FAE of the lymphoid nodules close to longitudinal ulcers, but also in the surrounding mucosa that endoscopically had diffuse strong redness on the surface (Fig 5a, b, After study by magnifying colonoscopy, as was done by Makiyama et al, we examined lymphoid follicles, minute lesions with a red halo appearance, and aphthoid lesions by SEM and TEM. SEM of lymphoid nodules in Crohn's disease, which had been found to have red halo appearance without apparent erosions by magnifying colonoscopy, showed erosions on the surface of the lymphoid nodules in several instances. Although a red halo appearance is also seen in ulcerative colitis26 and lymphoid hyperplasia of other aetiology than Crohn's disease,27 our findings suggest that the red halo appearance surrounding lymphoid follicles without erosions on the surface is an earlier sign of impending mucosal disruption in Crohn's disease than aphthoid ulcers.
Wakefield et al 28 reported an occlusive fibrinoid lesion of the arteries supplying areas of the intestine affected by Crohn's disease and suggested that vascular damage precedes mucosal ulceration in Crohn's disease. Sankey et al 29 identified a sequence of superficial mucosal change occurring before the development of microulcers, including disruption of the capillary basement membrane with haemorrhage and trials of fibrinogen originating from ruptured capillaries and extending towards the surface epithelium. This 'summit' lesion was seen in the absence of local inflammatory changes. They suggested that capillary disruption precedes inflammation. Our data also indicate that this would be the earliest endoscopic appearance in the mucosa of Crohn's disease preceding mucosal erosions.
Granulomas or microgranulomas are found in 75% of biopsy specimens from the 'wormeaten' lesion compared with only 30% in adjacent normal mucosa. Fig 3(e) . The HLA-DR staining of the same lymphoid nodule as shown by the arrow in Fig 4 (b) . The * shows FAE of the nodule and ** shows the area surrounding the lymphoidfollicle (X 42 macroscopically involved areas.42 Recently, they reported expression of HLA-DR antigens on the epithelium around the lymphoid follicles in Crohn's disease.46 However, the relation between HLA-DR expression and FAE including M cells was not determined. Using light microscopy and immunoelectron microscopy, we found that HLA-DR antigens were more strongly expressed in FAE than in the surrounding mucosa of lymphoid nodules in the remission stage of Crohn's disease, and were strongly expressed in the entire mucosa including lymphoid nodules in the active stage of this disease. We speculate that, when lymphoid follicles are stimulated and enlarge because of the entry of certain antigens through M cells, HLA-DR expression extends from the M cells on enlarged lymphoid nodules throughout the FAE and to mucosa surrounding the lymphoid nodules.
In conclusion, our immunohistochemical and electron microscopic findings suggested that mucosal ulcerations in Crohn's disease originate from FAE and that this localisation may be a consequence of the known physiological function of these zones of entry for potentially pathogenic agents and for normally non-invasive enteric organism.
